The MgGa 2 O 4 ceramics co-doped with Mn 2+ and Eu 3+ ions were synthesized via a high-temperature solid-state reaction technique. The samples with various Eu 3+ concentrations were characterised using high-resolution photoluminescence (PL) spectroscopy. The PL spectra show weak matrix emission in a blue spectral region with dominant excitation band around 380 nm. Manganese ions are highly excited deeply in UV region and exhibit emission band peaked at 502 nm. The Eu 3+ ions show characteristic f-f excitation and emission lines. The energy transfer between host defects and activator ions was observed. Luminescence decay curves of Mn 2+ and Eu 3+ emission showed complex kinetics with both Eu 3+ -ion concentration and excitation wavelength changes.
INTRODUCTION
Complex oxides with crystalline structures of perovskite, garnet and spinel have many important properties that determine their successful application in science and technology, in such areas as ferroelectricity, semiconductor electronics, optoelectronics, luminescence and radiation technology etc. [1] - [11] . In particular, transition metal or rare earth ion doping of these materials creates excellent emitting phosphor materials [11] - [27] . Among these ions, the Mn 2+ and Eu 3+ ions are known as the main sources of green and red light emission, respectively. Thus, such materials are often used in display technologies, such as field emission displays, vacuum fluorescent displays etc. [12] , [14] .
At the same time, the Eu 3+ ions are active in crystal sites with low point symmetry caused by the large degree of inversion of the spinel structure (e.g., magnesium gallate MgGa 2 O 4 ) and other structural perturbations. In order to obtain efficient phosphors, the coexistence of tetrahedral and octahedral cation sites is the key factor for host materials [15] . As far as we know, there are only a few reports of photoluminescence (PL) decay investigations in ZnGa 2 O 4 : Eu 3+ spinel obtained by different methods [12] , [14] . Simultaneously, no detailed study has been reported about decay profiles and energy transfer process in MgGa 2 . In the present research, the high-resolution PL excitation and emission spectra, as well as decay characteristics of Mn 2+ and Eu 3+ co-doped magnesium gallate ceramics are presented.
EXPERIMENTAL DETAILS
The synthesis had been carried out via high-temperature solid-state ceramic technique from simple oxide powders of at least 4N grade of purity. The powders were mixed with the stoichiometric composition in an agate mortar for 6 h with further pressing. The obtained tablets were annealed at 1200 °C for 8 hours in the air. The concentration of Mn 2+ was set constant at 0.05 mol.% and concentration of Eu 3+ ions was changed from 2 mol.% to 4 mol.%. The phase and structure analysis were described earlier [13] , [29] . PL and appropriate PL excitation (PLE) spectra were measured at room temperature using a Horiba/Jobin-Yvon Fluorolog-3 spectrofluorometer with a 450 W continuous xenon lamp as an excitation source, while a Hamamatsu R928P was used as a detector. The measured PLE spectra were corrected for the xenon lamp emission spectrum. The PL spectra were corrected for the spectral response of the spectrometer system. The PL decay kinetics was recorded using an Edinburgh FS5-MCS spectrofluorometer equipped with a 5 W/ms Xenon flash lamp.
RESULTS AND DISCUSSION
PL excitation spectra of MgGa 2 O 4 co-doped with 0.05 mol.% Mn 2+ and 4 mol.% Eu 3+ ions registered at several emission wavelength are shown in Fig. 1a . Two excitation bands of the matrix emission in the MgGa 2 O 4 ceramics co-doped with Mn 2+ and Eu 3+ ions were observed in the UV and near UV regions of spectra. Deeper UV excitation band peaking around 260 nm shows a lower intensity with respect to near UV band at about 380 nm. The excitation spectrum of Mn 2+ ion registered at 502 nm demonstrates intense excitation deeply in the UV spectral region indicating the recombination process as it corresponds to the region of fundamental absorption edge (E g = 5 eV) [28] . The tail in the exitation of manganese ions from 260 to 320 nm shows that the charge transfer (O 2 -→Mn 2+ ) also occurs [1] , [13] , [14] . The europium ions are excited with the charge transfer from oxygen anions to Eu 3+ ions (240-340 nm) and the 4f-4f intra-shell transitions of Eu 3+ ions corresponding to the sharp lines (350-420 nm) under 615 nm registration [13] , [29] . The remarkable sharp declines of the excitation intensities in the range of f-f lines on the excitation spectra registered at 440 nm and 502 nm indicate that the energy transfer occurs through excitation mechanisms between host defects and activator ions. is represented by the UV-blue host emission and activator ions in green and orangered regions, respectively. The host luminescence originating from structural defects is clearly seen under 360-nm excitation [29] . The decline of the host emission intensity at about 393 and 463 nm is due to reabsorption by Eu 3+ ions in the near-surface ceramics layer [13] . The emission of Mn 2+ ions peaked at ~ 502 nm is the most intense at 240-nm excitation due to the efficient energy transfer from MgGa 2 Fig. 2a . It has been established that fast and slow components are at about 3.2 and 5.6 ms, respectively. Moreover, the lifetime constants of manganese ions weakly depend on the europium concentration. One can assume that one of the components is related to Mn 2+ ions in the tetrahedral sites of the spinel structure and the another with manganese ions near structural defects or in distorted tetrahedral sites, for example, by oxygen vacancies. At the same time, to reveal the nature of the fast and slow components more detailed investigation is needed. It should also be noted that MgGa 2 O 4 : Mn 2+ shows a single-exponential decay with τ = 7.1 ms at the excitation in the region of d-d intraband transitions of Mn 2+ ions [30] . The PL decay curves of Eu 3+ ions have been measured at a different excitation wavelength in the emission peak at 615 nm. Figure 2b shows the PL decay curves of Eu 3+ ions in MgGa 2 O 4 ceramics co-doped with 0.05mol% Mn 2+ and 2-8% Eu 3+ at 393 nm excitation that corresponds to the f-f transitions in Eu 3+ ions. The decay curves were also fitted using the double exponential function. The values of a lifetime are presented in Table 2 . The lifetime decreases with growth of the Eu 3+ ion doping level. Short component changes from 0.31 to 0.14 ms and a long one from 1.98 to 0.77 ms. , the decay kinetics was more complicated, which suggested involvement of at least two mechanisms in the luminescence process. The fast component was tentatively related to Eu 3+ located on grain boundaries. The second process could be attributed to the Eu 3+ ions in crystallite bulk. 
